This paper introduces a modeling language to support the computational modeling of collaborative learning educational units. The languages supporting the computational modeling educational units are named as Educational Modeling Languages (EMLs). EMLs have been proposed to facilitate the development of complex
INTRODUCTION This paper introduces an Educational Modeling
Language (EML). EMLs (Rawlings et al., 2002) (Koper, 2001) have been proposed to facilitate the development of e-learning solutions. The EML introduced in this paper is specially focused on supporting the modeling of collaborative learning educational units. Collaborative learning comprises a broad range of educational practices that take advantage of human interaction in order to achieve more effective and ef cient learning (Dillenbourg, 1999) . In practice, collaborative learning educational units may be arranged in accordance with different structures (e.g. a discussion-based lecture, a groupbased workshop, a brainstorm, a cooperative project) and using different collaboration schemes (e.g. synchronous or asynchronous, strict-coordination or freecollaboration, face-to-face or distance). The goal is to support the computational modeling of collaborative learning educational units taken into account this variety of structures and schemes. To do it, the proposal follows a separation of concerns approach. The key idea is to decompose the modeling of educational units in several concerns. For example, participants awareness and authorizations can be modeled as different concerns. The modeling of awareness is concerned with the way in which events produced during education have to be processed and noti ed to appropriate participants (e.g. learners' actions have to be noti ed to a teacher). The modeling of authorization is concerned with the assignment of permissions to participants (e.g. learners and teachers have different permissions to use the functionalities of a simulator).
The concerns identi ed in this proposal are named as perspectives and the proposed language is named as Perspective-oriented EML (PoEML).
Next section introduces the PoEML separation of concerns proposal . Then, section II describes the PoEML constructs of the main perspectives devoted to support the collaboration requirements. The paper ends with some conclusions.
A SEPARATION OF CONCERNS EML PROPOSAL
This section introduces a separation of concerns proposal to support the modeling of collaborative learning educational units. This modeling involves many different requirements that need to be satis ed, specially the several collaboration modes. To do it, the whole modeling problem is decomposed into several parts (named as perspectives) grouping and separating the various modeling concerns. Then, each perspective may be modeled separately while abstracting from the concerns considered in other perspectives.
The idea of this approach was taken from the work ow patterns project (van der Aalst et al., 2003) (Russell et al., 2004) . This separation of concerns approach has already been applied to the evaluation of EMLs expressiveness and suitability (Caeiro et al., 2005) . As a result 12 perspectives have been identied.
Perspectives
This section introduces the perspectives by situating them in the Activity Theory mediation model (c.f. gure 1. The Activity Theory is a meta-theory about activities and their constituent components (Engestrom, 1987) . Considering that any educational unit can be conceived as a set of activities, the Expanded Mediational Model provided by this theory is an interesting framework. The core of this model is that any activity involves a subject (e.g. a person), represented by a role, that acts in an object to achieve a certain goal.
This connection is mediated by the environment and the community where the activity is performed. In other words, the activity depends on the environment and on the community. The environment contains the tools and resources that can be used by the subject to act on the object. The community puts the emphasis in the social context where the subject operates.
The rules component highlights the fact that within a community, subjects are bound to rules and regulations that affect the way they interact in the activity (including also the interaction with the environment and its elements). • The SourceSelection element from the Environments package enables to specify the particular element(s) on which the permissions will be granted (e.g. a chat).
• Permissions. They are the PrimitivePermissions speci ed in the Tools perspective. In addition to the permissions offered by tools PoEML recognizes permissions provided by DataElements and Environments (view, read, write).
• PermissionOperators. PrimitivePermissions and
CompositePermissions can be combined to specify new CompositePermissions using these opera- • The SourceSelection element from the Environments package enables to specify the particular element(s) on which the events will be captured.
• Events. They are the PrimitiveEvents specied in the Tools perspective. In addition to the events produced by tools PoEML recognizes other events: execution state of an ES, participants' presence events, etc.
• EventOperators. PrimitiveEvents and CompositeEvents can be combined to specify new CompositeEvents using these operators. During execution, PrimitiveEvents will enter the DAG at their • It includes an AwarenessSpeci cation or a TemporalSpeci cation to determine when to invoke the operation.
• It can include a ChoicePoint to constraint the performance of the operation.
• It includes an CompositeOperation that indicates the operation(s) to perform.
The CompositeOperation element enables to specify the operations that have to be invoked in an • The SourceSelection element from the Environments package enables to specify the particular element(s) on which the operations will be invoked.
• Operations. They are the PrimitiveOperations speci ed in the Tools perspective.
• 
CONCLUSION
The work introduced in this paper has a twofold interest. In the one hand, the application of the separation of concerns design principle to the structuring of a modeling language. In the other hand, the proposal of a computational solution to support the modeling of educational units. In conjunction, the paper introduces an EML based on the separation of concerns approach: PoEML. The proposal devotes a special attention to the support of the variety of collaboration modes that may be involved in collaborative learning.
